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Among the methods used to detect food adulteration, the ampliﬁcation of endogenous reference genes is
particularly important. Endogenous reference genes for many different species, such as cotton, papaya,
maize and others, have been reported, yet an endogenous reference gene for the peach is still lacking. In
this paper, the chlorophyll a/b-binding protein (Lhcb2) gene was identiﬁed as a species-speciﬁc gene for
the peach. Lhcb2 was assayed in 4 species of peaches and 8 non-peach species by both qualitative and
quantitative PCR. No ampliﬁcation was observed in other species. The detection limit of quantitative PCR
was as low as 5 pg of DNA, equal to 9 copies, and Southern blot analysis conﬁrmed that the Lhcb2 gene
was present in a single copy in the peach genome. All of these experiments indicated that the Lhcb2 gene
is a useful endogenous reference gene for the detection of peach material via both qualitative and
quantitative PCR assays, even in the processed food samples such as juices containing peach.
 2013 Elsevier Ltd. All rights reserved.1. Introduction
The identiﬁcation of fruit juice beverage adulteration is an
important subject for food scientists all over the world. Identifying
the authenticity of foods is a key, and also difﬁcult, step of food
market supervision. The most common fruit juice adulterations are
the addition of water, sweeteners (e.g., sucrose, syrup, or synthetic
sweetener), sour agents (e.g., citric acid, malic acid), fruit dreg ex-
tracts (Shui & Leong, 2002; Wudrich, McSheffrey, & Low, 1993), etc.
Traditional detection methods including sense organ appraisal,
physical and chemical identiﬁcation, mostly focusing on detecting
the main components (e.g., soluble solid state materials, total
sugars, and total acids) or unique constituents (e.g., inorganic ele-
ments, amino acids, and organic acids) of fruit juice. HPLC, GC, MS,
NIR, Electronic Tongue (ET) and other techniques have been used to
detect food components (Gayo & Hale, 2007; Hilt et al., 2003;
Ogrinc, Kosir, Spangenberg, & Kidric, 2003; Ruiz-Matute, Rodrí-
guez-Sánchez, Sanz, & Martínez Castro, 2007). However, as the
means of ‘fake food’ production improve, it becomes much moreCollege of Food Science and
sity, Beijing 100083, China.
All rights reserved.difﬁcult to detect these adulterations. Insufﬁcient original juice
contents, fake juices, sterilization or the use of reconstituted juice
concentrates to replace fresh juice are all considered fruit juice
adulterations(Gurdeniz & Ozen, 2009; Tripathi, Khanna, & Das,
2004), but traditional methods cannot always identify these
changes. Thus, manufacturers would make use of this technology
gap to produce the fake juice and get beneﬁts.
Along with the advances in modern biotechnology, molecular
biology methods have become widely applied in the ﬁeld of food
authenticity identiﬁcation, and the development of new methods
is becoming a popular topic of research worldwide. Speciﬁcally,
rapid PCR-based methods with high sensitivity and reproducibility
(Lockley & Bardsley, 2000; Mafra, Ferreira, & Oliveira, 2008) have
become especially common, for example, in the identiﬁcation of
genetically modiﬁed food (Wurz, Bluth, Zeltz, Pfeifer, & Willmund,
1999), meat (Kung et al., 2010), milk and cheese (Sachinandan
et al., 2011) and their by-products. Sass-Kiss (Sass-Kiss & Sass,
2002) isolated four tissue-speciﬁc peptides from grapefruit juice
and peel and successfully tested commercial grapefruit juice
products for adulteration. Ng, Chang, Wu, Kotwal, and Shyu
(2006) designed primers based on the 18S and internal tran-
scribed spacer (ITS) region of the orange as part of a rapid and
accurate molecular approach to identify freshly squeezed and
reconstituted orange juice. Mooney, Chappell, and Knight
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intergenic spacer region in the orange and mandarin genomes; the
heteroduplex resulting from the co-ampliﬁcation of a fragment
containing an 8 base-pair indel distinguished mixtures of orange
and mandarin juice. Gimeenez, Piston, Martin, and Atienza
(2010) used qRT-PCR and molecular markers for olive oil
authentication. Above all, more and more researchers are inclined
to adopt PCR methods for detecting food adulteration and doping.
Endogenous reference gene analysis is broadly applied in food
component source authentication and to qualitatively and quanti-
tatively evaluate food samples. To date, endogenous reference
genes of many species have been reported, including the LAT52
gene in the tomato (Yang et al., 2005), SPS in rice (Ding et al., 2004),
sad1 in cotton (Xu, Huang, Wang, Zhang, & Luo, 2006), BnACCg8 in
rapeseed (Hernandez, Rio, Esteve, Prat, & Pla, 2001), papain in
papaya (Xu et al., 2008), the lectin and b-actin genes in the soybean
(James, Schmidt, Wall, Green, &Masri, 2003) and the Ivr1, zein, adh1
and hmg genes inmaize (Hernandez et al., 2004). Scaravelli, Brohée,
Marchelli, and Van Hengel (2008) identiﬁed a peanut-speciﬁc
sequence within the Arah3 allergen gene family; the limit of
detection using this sequence is as low as 3 pg DNA. Xu et al. (2006)
showed that the limit of detection of transgenic papaya using the
species-speciﬁc gene papain as an endogenous reference is 1 pg of
papaya genomic DNA.
The endogenous reference gene is critically important in many
areas of food products research. Qualitative and quantitative assays
using endogenous reference genes can be applied to measure the
quality of DNA sample extraction, determine the food source in case
of food allergen mixing, and conﬁrm the relative content of certain
species in a complex food matrix.
Peach juice is very popular in the Chinese juice market, and
adulteration phenomena are very common. Thus, it is essential to
establish a mature biotechnology for the detection of peach juice
adulteration. In this paper, an endogenous reference gene for the
peach is established, and qualitative and quantitative PCR primers
and Taqman probes are designed to detect the speciﬁcity and
detection limit of the species-speciﬁc gene Lhcb2 and to conﬁrm the
gene copy number using the Southern blot method.2. Materials and methods
2.1. Materials
All fresh fruit varieties were purchased in local markets. The
four peach varieties tested were honey peach (Prunus persica (L.)
Batsch), nectarine (P. persica var. nectarina), ﬂat peach (P. persica
f. compressa) and yellow peach (Amygdalus persica); DNA
samples were also collected from the Guoguang apple, Ya pear,
navel orange, Kyoho grapes, kiwi fruit, tomato, strawberry and
mango.Table 1
Primers used in qualitative and quantitative PCR.
Primer
name
Primer sequence Length Product
size (bp)
cob-F GTCAGATGAGCTTTTGGGGA 20 187
cob-R GCCAGATGAAGAAGACTGGC 20
Lhcb2-1F ATCTCCCTTTCTGCCCTGCTAT 22 134
Lhcb2-1R GGGTGTTTTTGTAGGCTTGAGGTA 24
Lhcb2-P FAM-CGGCAAATTAACCTTTTCAC
AGCAGCC-TAMRA
27
Lhcb2-2F ATCTCCCTTTCTGCCCTGCTA 21 500
Lhcb2-2R CAGAGGTTGCCATGACTATGC 21
FAM and TAMRA were two ﬂuorescent dyes.2.2. DNA extraction
The DNA samples used for qualitative and quantitative PCR
detection and Southern blot analysis were extracted according to
the CTAB method (Doyle & Doyle, 1990). The fruit samples were
mixed with liquid nitrogen and ground into powder, and genomic
DNA was isolated from 0.1 g of ﬂesh. After the extraction, the DNA
samples were analyzed by 1% agarose gel electrophoresis in 1 TAE
containing ethidium bromide. DNA concentrations were deter-
mined spectrophotometrically at 260 nm using a UV/VIS spec-
trometer (Kontron, Neufahrn, Germany). The copy numbers were
calculated based on the measured DNA quantity and the average
genome size (Arumuganathan & Earle, 1991).2.3. Southern blot
DNA samples (10 mg) from two peach varieties were completely
digested with HindIII and EcoRI, respectively, under the conditions
recommended by the manufacturer (TaKaRa, Tokyo, Japan). Then,
the digested sample was resolved in a 0.8% agarose gel with elec-
trophoresis in 1 TBE buffer at a constant voltage of 40 V for 4e5 h.
Lhcb2-2F/2R that ampliﬁes 500 bp DNA fragment of the Lhcb2 gene
was labeled with DIG-dUTP as hybridization probe (DIG hybridi-
zation detection kit, Mylab Co., China). After electrophoresis, the
DNA fragments were transferred to a nylon membrane (Amersham
Biosciences Shanghai Ltd., Darmstadt, Germany). Pre-hybridization
was performed at 42 C 2 h. The probe was denatured at 100 C for
10 min, then quickly cooled in an ice bath for 5 min, and 4.0 mL of
denatured probe in 8.0 mL hybridization solution (Hyb-100) was
added. The hybridization step was performed in a hybridization
oven at 42 C overnight. The washing and detection steps were
performed according to the kit instructions. Three biological rep-
licates were conducted, and two technical replicates were analyzed
for each biological replicate.
2.4. Oligonucleotide primers and probes
The oligonucleotide primers and TaqMan ﬂuorescent dye-
labeled probes were designed in ABI Prism Primer Express Version
3.0 software (Applied Biosystems, Foster City, USA). All primers and
ﬂuorogenic probes were synthesized by Shanghai Sangon Co. Ltd.
(Shanghai, China).
The plant universal primer cob-F/R was used to evaluate the
DNA quality. The primer Lhcb2-1F/1R was used for qualitative and
quantitative PCR to detect the Lhcb2 gene with the probe Lhcb2-P;
Lhcb2-2F/2R was used for Southern blot probe labeling. The
nucleotide sequences and product sizes of the primers are listed in
Table 1.
2.5. PCR conditions
For qualitative detection, PCR was carried out in ﬁnal volumes of
30 mL containing1 reaction buffer (50mMKCl,10mMTriseHCl, pH
8.3, and 1.5 mM MgCl2), 0.2 mM dNTPs, 0.3 mM of each primer, 2.5
units of TaqDNApolymerase (TaKaRa Biotechnology Co. Ltd., China),
and 1 mL DNA template. All ampliﬁcations were carried out on an
ABI2720 thermal cycler (Applied Biosystems, U.S.A.) as follows: one
step of 5min at 95 C, 40 cycles of 30 s at 95 C, 30 s at 58 C and 30 s
at 72 C, and one step of 5 min at 72 C. For cob gene ampliﬁcation, a
template concentration of 100 ng/mL was used; for the species-
speciﬁc gene ampliﬁcation, the template was 10-fold serially
diluted from100 ng/mL to 1 pg/mL. The productswere analyzed by 2%
agarose gel electrophoresis (1 TAE) and stained with ethidium
bromide. Three biological replicates were conducted, and three
technical replicates were analyzed for each biological replicate.
Fig. 1. The homology analysis of Lhcb2 gene. A. The BLAST analysis of Lhcb2 in Nucleotide collection database. B. The detail information about the BLAST result.
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Real-Time PCR System instrument (Applied Biosystems, U.S.A).
Ampliﬁcation speciﬁcity was evaluated in reaction volumes of
25 mL containing 1 RealMasterMix SYBR Green (TIANGEN,
China), 100 nM primers, and 50 ng DNA with the following pro-
gram: 2 min at 50, 10 min at 95 C, and 40 cycles of 15 s at 95 C
and 1 min at 60 C, followed by melting curve analysis. The
temperature program used for the melting curve analysis was 60e
95 C with a heating rate of 0.5 C per second and a continuous
ﬂuorescence measurement. Each sample was quantiﬁed in
duplicate for each biological replicate, and three biological repli-
cates were conducted. Ampliﬁcation sensitivity was evaluated in
reaction volumes of 20 mL containing 1 TaqMan Gene Expression
Master Mix, 200 nM primers, 200 nM probe, and 50 ng to 0.5 pg
DNA per reaction (10-fold serial dilutions). The program was the
same as that used for speciﬁcity detection, but melting curve
analysis was not performed. Each sample was quantiﬁed in trip-
licate for each biological replicate, and three biological replicates
were conducted.Fig. 2. The electrophoresis proﬁles of DNA from the 12 tested species of fruit. The ampliﬁca
PCR (C), and the ampliﬁcation proﬁles and melting curves with Lhcb2-1F/1R (D). M: DNA Ma
apple; 6, Ya pear; 7, navel orange; 8, Kyoho grapes; 9, kiwi fruit; 10, tomato; 11, strawberry3. Results and discussion
3.1. Selection of the peach endogenous references gene
The application of the endogenous reference gene makes the
detection of plant species more practical and precise. References
genes must be species-speciﬁc and have a low and consistent copy
number in the same varieties (Garcia-Vallejo et al., 2004). To choose a
suitable reference gene for PCR ampliﬁcation in the peach, large
amounts of gene information were collected from GenBank. Several
candidates were chosen, after BLAST and homology analysis the
chlorophyll a/b-binding protein (Lhcb2) gene (GenBank No.
EF127291.1)was found tohave lowerhomologywith the sequencesof
other non-peach species, such as soybean, papaya, pear,maize, apple,
grape, orange, tomato, and so on, than the other candidate genes.
To further conﬁrm that Lhcb2 gene was species-speciﬁc, BLAST
searches were employed to analyze the homology of Lhcb2with the
other closely-related species. Due to peach is one species of Prunus
genus in the scientiﬁc classiﬁcation, the species which included in P.tion of the cob-F/R gene (A), speciﬁcity detection with qualitative (B) and quantitative
rker DL 2000; 1, honey peach; 2, nectarine; 3, ﬂat peach; 4, yellow peach; 5, Guoguang
; 12, mango; 13, negative control.
Fig. 3. Sensitivity of the Lhcb2 gene detection in qualitative and Taqman quantitative PCR. A. The sensitivity of the qualitative PCR. The ﬁnal content of DNA in each lane is: 1, 100 ng;
2, 10 ng; 3, 1 ng; 4, 0.1 ng; 5, 10 pg; 6, 1 pg; 7, negative control. B, The sensitivity of the quantitative PCR. The ﬁnally content of DNA in each reaction is: 1, 50 ng; 2, 5 ng; 3, 0.5 ng; 4,
50 pg; 5, 5 pg. C. The standard curve of the quantitative PCR.
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Prunus salicina, Prunus domestica, and so on (Dirlewanger et al.,
2002). After BLAST, the Lhcb2 gene has no homology with other
genes; especially those belong to the closely-related species in P.
genus. The BLAST result and detail informationwere shown in Fig. 1.
The sequence of Lhcb2 from 1 to 572 bp has no homology with
other sequences in the Nucleotide collection (nr/nt) database. The
primers Lhcb2-1F/1R, which were used for detecting the Lhcb2
gene in qualitative and quantitative PCR, were just designed in the
1-572 bp of Lhcb2.
Because the DNA of fruit samples can be destroyed during food
processing, the size of PCR amplicons should be short (Moreano,
Busch, & Engel, 2005), ideally less than 300 bp. Probes and
primers speciﬁc to this sequence were designed, and their speci-
ﬁcity was tested in both qualitative and quantitative assays.3.2. Qualitative, real-time quantitative PCR assays and allelic
variation of the Lhcb2 gene among the peach cultivars
We used the primer pair cob-F/R to test the quality of the
extracted DNA (Fig. 2A and B), and Lhcb2-1F/1R was used for quali-
tative and real-time quantitative PCR to test the speciﬁcity of the
Lhcb2 gene. The qualitative and quantitative PCR reactions were run
with 100 ng DNA from 12 species of fruits, including 8 non-peach
fruit species (Guoguang apple, Ya pear, navel orange, Kyoho grapes,
kiwi fruit, tomato, strawberry and mango) and 4 peach varieties
(honey peach, nectarine, ﬂat peach and yellow peach). Conventional
PCR with Lhcb2-1F/1R produced no ampliﬁcation products from any
of the species tested other than peach (Fig. 2C). Therewas no obvious
ampliﬁcation or melting curve peak detected in any of the species
tested other thanpeach in quantitative PCR (Fig. 2D), and themeltingFig. 4. Southern blot results for honey peach and ﬂat peach. 1, Marker (not recog-
nized); 2, ﬂat peach digested by EcoRI; 3, ﬂat peach digested by HindIII; 4, honey peach
digested by EcoRI; 5, honey peach digested by HindIII.temperature of the ampliconwas 83.12 C. These results indicate that
Lhcb2-1F/1R is highly speciﬁc for peach in both qualitative and
quantitative PCR in the tested species.
An ideal endogenous reference gene should not exhibit allelic
variation and should have a consistent copy number among
different peach varieties. To test whether different peach cultivars
show any sort of allelic variationwithin the Lhcb2 sequence that we
used as the template, we performed conventional PCR and real-
time PCR on a ﬁxed amount of DNA from the 4 different peach
varieties mentioned above. PCR products of identical size and
relative intensity were obtained for all varieties in conventional
PCR (Fig. 2C line 1e4). This result indicates that therewere nomajor
sequence differences in this ampliﬁed region among the different
varieties. Likewise, real-time PCR analysis performed with DNA
extracted from these peach varieties exhibited similar melting
curves (Fig. 2D line1e4). These results indicated that the copy
number of the Lhcb2 gene was similar and did not exhibit allelic
variation among these peach varieties.
3.3. Sensitivity of the qualitative and Taqman real-time
quantitative PCR
To test the sensitivity of the qualitative PCR, a series of PCR test
assays were carried out using serial dilutions of genomic DNA
ranging from 100 ng to 1 pg. Conventional PCR allowed the
detection of the DNA samples containing as little as 0.1 ng (Fig. 3A).
The average weight of the peach genome is 0.55 pg per haploid
genome; thus, the sensitivity of qualitative PCR is an average of 181
copies of peach genomic DNA. For the Taqman real-time PCR assays
in serial dilutions of genomic DNA ranging from 50 ng to 0.5 pg, the
detection limit was 5 pg DNA (Fig. 3B), or 9 copies.
3.4. The determination of Lhcb2 copy number by Southern Blot
The Lhcb2 gene copy number analysis was performed by
Southern Blot. The genomic DNA of honey peach and ﬂat peach
were digested with EcoRI and HindIII, and then hybridized with the
DIG-labeled probe (Lhcb2-2F/2R). Only one band was observed in
the EcoRI- and HindIII-digested DNA (Fig. 4). This result indicated
that the Lhcb2 gene is present as a single copy in the peach genome.
3.5. The application of Lhcb2 as a reference gene to detect different
fruit juices
To ensure the feasibility of the practical application of the Lhcb2
gene, we used the Lhcb2 gene-based qualitative real-time PCR
system to detect the presence of peachmaterial in single andmixed
fruit juices. We chose to use the nectarine as a positive control and
Fig. 5. Application of Lhcb2 to detect the presence of peach material in 3 types of juice. A. The qualitative PCR detection. 1, Positive control; 2, 3, Nongfu orchard fruit and vegetable
juice; 4,5: Tropicana juice; 6,7: Huiyuan compounded fruit blend; 8, negative control. B. The quantitative PCR detection. 1, Positive control; 2, Nongfu orchard fruit and vegetable
juice; 3, Tropicana juice; 4, Huiyuan compounded fruit blend; 5, negative control.
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apple, pineapple and kiwi fruit), Tropicana juice (grape, pome-
granate, peach and apple), and Huiyuan compounded fruit blend
(orange, peach, pear, and hawthorn). We were able to amplify the
Lhcb2-1F/1R product from the DNA preparations extracted from
two samples (two repeats) in qualitative PCR (Fig. 5A). The results
of real-time PCR (Fig. 5B) were consistent with those of the quali-
tative PCR. The results of both assays were also consistent with the
ingredient labels on the fruits bottles.
4. Conclusion
After testing copy number, speciﬁcity, sensitivity and allelic
variation, the chlorophyll a/b-binding protein (Lhcb2) gene was
selected and validated as suitable for use as an endogenous refer-
ence gene for the PCR-based detection of peachmaterial. In Taqman
real-time quantitative PCR analysis, the detection limit was as low
as 5 pg of DNA, indicating that this method could be used for the
evaluation of fruit juices or other types processed food that contain
very few copies of the target DNA.
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